Summary. In rats bearing Morris hepatoma No. 7777, serum levels of alpha fetoprotein (AFP) increased as tumour size increased. Hepatoma-bearing females remained in dioestrus once the tumour exceeded a cross-sectional area of 12cm2. The following changes were seen in tumour-bearing rats compared to control animals : uterine wet weight was significantly decreased, the uterine epithelial mucosa was lower, castration cells developed in the anterior pituitary, and there was a 3-to 23-fold elevation in serum oestrogen levels. We conclude that circulating oestrogen is bound to AFP in hepatoma-bearing female rats and that in this bound state it is unable to exert its normal physiological actions.
Introduction
Alpha-fetoprotein (AFP) is a serum glycoprotein that normally appears in fetal and maternal serum at parturition. The concentrations of fetal and maternal serum AFP are high towards the end of gesta¬ tion in the rat but drop sharply after birth to very low levels (Sell, 1973 (Sell, ,1974 Sell & Alexander, 1974; Sell, Becker, Leffert & Watabe, 1976) . AFP is synthesized predominately by the fetal liver and yolk sac during development (Gitlin, 1975) but is also produced in adults with hepatomas (Abelev, 1968; Sell, 1974) , teratoblastomas (Abelev, 1968; Sell & Alexander, 1974) , liver trauma (StanislawskiBirencwajg, Uriel & Grabar, 1967) , non-malignant liver diseases (Ruoslahti, Pihko & Seppala, 1974) , and chemically-induced carcinomas (Watabe, 1971) . High levels of AFP in adult sera are most often associated with primary cancer of the liver and can be of diagnostic value (Abelev, 1968 (Abelev, ,1971 (Abelev, ,1974 Ruoslahti et al., 1974) . The appearance of AFP in development and oncogenesis, its sites of synthesis, physical characteristics and immunological properties, have been extensively studied and reviewed (Abelev, 1968 (Abelev, , 1971 (Abelev, , 1974  Adinolfi, Adinolfi & Lessof, 1975; Ruoslahti & Pihko, 1975; Sell et al., 1976) . However, the physiological effects of high levels of serum AFP in adults, such as can occur with primary liver cancer, have not been studied. The present investigation was therefore undertaken to determine the effects of AFP upon the reproductive biology of female rats with hepatoma.
Materials and Methods
Oestrous cycle and microscopy. A total of 16 female Buffalo rats aged 7 weeks and of uniform body weight (approx. 180 g) were randomly allocated to one of two groups. The animals were housed individually and a pelleted diet and water were always available. Rats from one group (A) were inoculated subcutaneously in the right flank with a 0-25 ml suspension of Morris hepatoma No. 7777 cells (Cameron & Pavlat, 1976) . The control rats in Group were untreated. Body weights were recorded daily for both groups. The length and width of the tumour were measured and the crosssectional area of the tumour was calculated with the formula for an ellipse. At the end of the experi¬ ment, the weight of each tumour was determined and its proportion of the body weight calculated (tumour wt/body wt After tumour inoculation, vaginal smears were prepared daily for the first 3 weeks of the experi¬ ment from all animals and the stage of the oestrous cycle was assessed by examination of the smears with phase-contrast microscopy. The rats in both groups were killed by decapitation at 14 weeks of age. Ovaries and uteri were excised and weighed before fixation in paraformaldehyde (Winborn & Seelig, 1970 (Watson, 1958) and lead citrate (Venable & Coggeshall, 1965) (Abraham et al., 1971 ). The percentage cross-reactivity is less than 0-01 for all steroids tested except oestrogens. The crossreactivity was 100% with oestradiol-17ß, 40% with oestradiol-17aand 35% with oestrone; the pro¬ cedure is therefore referred to as an oestrogen assay although the antibody was prepared against oestradiol-17ß. The coefficient of within-assay variation was 3-34% in the range of 10-100 pg/ml and the sensitivity of the assay was 50 pg/ml. All samples were assessed in duplicate. Serum proteins. Blood was collected as described above from a third group (C) of 13 female rats bearing hepatomas of various sizes and from control animals (Group B). Serum samples were pre¬ pared and analysed by polyacrylamide gel electrophoresis (Davis, 1964) with 5-5% gels and a Trisglycine/Tris-HCl discontinuous pH system. Serum samples, diluted 1:25 with 10% glycerol and bromphenol blue, were applied to gels (100 µ , equivalent to 1 µ serum) and electrophoresed at 4 mA/tube. Rat amniotic fluid collected from a normal fetus at Day 20 of gestation was also diluted with glycerol-tracer dye at the above concentration and electrophoresed as a marker for AFP (Lai, Forrester, Hancock, Hay & Lorscheider, 1976 (Lai et al., 1976 Fig. 9 ). The large centralized Golgi complex was seen as a clear halo in light micrographs (PI. 3, Fig. 9 ). Ultrastructural observations also suggested that these cells were gonadotrophs (PI. 3, Figs 10 and 11). Secretory granules (mean diam. 150 nm) were present in these cells and in similar, but not enlarged, cells in pituitaries of control females. Figs 6-8. Uterine epithelial cells from rats bearing a small- (Fig. 6 ), medium- (Fig. 7) and large (Fig. 8) Oestrogen levels. As shown in Table 2 , oestrogen levels in the tumour-bearing rats were signifi¬ cantly (P < 0-001) higher than those in control animals and could be related to tumour size.
Discussion
The Morris hepatoma No. 7777 is a rapidly growing tumour that produces high levels of serum AFP (Sell et ai, 1972 (Sell et ai, , 1974a (Sell et ai, , 1976 Sell & Morris, 1974; Lai et al., 1976) which increase exponentially in Buffalo rats with time after tumour inoculation (Sell et al., 1974b ). The Rat AFP is known to have oestrogen-binding activity (Uriel, de Nechaud & Dupiers, 1972;  Aussei, Uriel & Mercier-Bodard, 1973; Uriel, Aussei, Bouillon, de Nechaud & Loisillier, 1973; Uriel, Aussei, Bouillon, Louissilier & de Nechaud, 1975) Uriel et al., 1975) . Rat AFP therefore appears to possess high affinity and low capacity, as do other specific steroid receptor proteins. It is these properties of rat AFP to which we attribute the changes in reproductive physiology in the hepatoma-bearing rats. The cessation of oestrus in hepa¬ toma-bearing rats is correlated with a specific threshold in tumour size. The morphology of the ovarian luteal cells in the tumour-bearing rats is that of a cell active in steroid production (oestrogens), but the uterine morphology of these animals more closely resembles that of a rat with low circulating oestrogen levels, and the anterior pituitary cells resemble the hypertrophied gonadotrophs typical of castrated rats (Szentágothai, Flerko, Mess & Halasz, 1962) .
It is conceivable that the differences seen in the experimental group were due to the onset of cancer cachexia. This possibility was not excluded experimentally, but the data show that the response is specific. We find it difficult to attribute the significant increases in circulating oestrogens in the experi¬ mental animals to a generalized decline in the nutritional status of the tumour-bearing animals. Additionally, ovarian weights did not differ significantly between Groups A and B. We therefore conclude that the females with hepatomas are producing high levels of oestrogens ( Table 2 ), but that these steroids are being rapidly bound to the AFP produced by the hepatoma. The antibody employed for the radioimmunoassay apparently has a much higher affinity for oestrogens than does AFP and thus permits accurate values of circulating oestrogen levels to be obtained although the bound and free forms of hormone cannot be distinguished.
It is not certain whether or not a similar interaction between high AFP levels and oestrogens can occur in man with primary cancer of the liver. There are conflicting reports in the literature regarding the capacity of human AFP to bind oestrogens (Uriel et al., 1975) but the methods used may not have been sensitive enough. It has also been suggested that AFP may exist in different conformational states, only one of which may be able to bind oestrogens (Uriel et al., 1975) . If oestrogens, when complexed with AFP, are unable to exert normal physiological actions upon target organs, including the hypothalamus, as found in the present experiments with rats, then measurements of total serum oestrogen levels become less meaningful and it seems important to distinguish available oestrogen from that bound to AFP and presumably unavailable to target tissues.
